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Report  body 


Introduction:  Prostate  specific  membrane  antigen  (PSMA)  is  a  cell  surface  glycoprotein 
expressed  almost  exclusively  in  prostate  cancer  cells.  We  have  identified  monoclonal  antibodies 
(mAbs)  that  are  internalized  specifically  by  LNCaP  cells  (PSMA  positive,  human  prostate  cancer 
cells)  (Liu  et  al.,  1997).  Internalization  and  movement  of  proteins  through  intracellular  pathways 
(i.e.  targeting  to  endosomes  or  lysosomes)  are  mediated  by  internalization  signal/s  present  in  the 
cytoplasmic  domain  of  internalized  proteins  (Mukheijee  et  ah,  1997).  Although  PSMA  is 
efficiently  internalized  in  LNCaP  cells  via  a  clathrin  dependent  endocytic  pathway  (Liu  et  ah, 

1998)  the  mechanism  by  which  PSMA  is  internalized  in  LNCaP  cells  is  not  understood.  The  goal 
of  this  proposal  was  to  identify  and  characterize  the  internalization  signal  of  PSMA. 

Characterization  of  PSMA  internalization  mechanisms  by  prostate  cancer  cells  is  crucial  for  the 
improvement  of  immunotherapeutic  approaches  for  prostate  cancer. 

Body:  Our  negotiated  statement  of  work  and  the  progress  accomplished  from  August  1, 

2000  to  January  31,  2001  are  described  below.  Two  of  the  subtasks  of  our  approved  Statement 
of  Work  that  remain  to  be  accomplished  are:  1.)  Generate  a  PSMA  cytoplasmic 
tail/transmembrane-CA  T  chimera,  transfect  LNCaP  cells  and  monitor  internalization  by 
biotinylation  and  confocal  microscopic  assays.  2).  Test  the  internalization  signal  in  the 
transmembrane  or  extracellular  domains  of  PSMA. 

Using  alanine  scan  mutagenesis  we  have  identified  that  a  di-leucine  motif  in  the  cytoplasmic  tail 
of  PSMA  functions  as  an  internalization  signal.  To  further  confirm  that  the  di-leucine  motif  of  PSMA 
functions  as  the  internalization  signal  we  transferred  the  first  five  amino  acids  containing  the  di-leucine 
motif  (LLDWM)  to  a  non-intemalized  protein,  the  interleukin-2  receptor  a-chain  (Tac).  Tac  is  a 
transmembrane  protein  and  like  PSMA  contains  a  small  cytoplasmic  tail  (Dittrich  et  al.,  1996).  If  the 
amino  acid  sequence  LLDWM  of  PSMA  is  sufficient  for  PSMA  internalization  then  the  Tac  containing 
the  LLDWM  amino  acid  sequence  (Tac-LLDWM)  in  the  cytoplasmic  tail  should  internalize. 
Internalization  of  Tac  was  monitored  by  the  uptake  of  a  mAb  7G7,  which  is  raised  against  the 
extracellular  domain  of  Tac.  In  COS  cells  expressing  a  wild  type  Tac  (Tacwt)  construct,  Tac  was 
distinctly  localized  to  the  plasma  membrane.  As  expected,  incubation  of  these  cells  with  mAb  7G7  did 
not  result  in  the  internalization  of  this  antibody  confirming  that  TaCwt  is  not  internalized  as  reported 
earlier  (Dittrich  et  al.,  1996).  By  contrast,  Tac-LLDWM  internalized  the  mAb  7G7  and  the  internalized 
antibody  clearly  co -distributed  with  the  internalized  FITC-transferrin.  These  results  indicate  that  the  di¬ 
leucine  signal  of  PSMA  is  sufficient  for  its  internalization  and  confers  ability  to  internalize  for  a  non- 
intemalized  protein.  Experiments  are  in  progress  to  test  whether  mutation  of  the  di-leucine  motif  to  di¬ 
alanine  (Tac-AADWM)  will  prevent  the  internalization  of  monoclonal  antibody  7G7.  These  results 
reveal  that  the  internalization  of  PSMA  requires  primarily  the  cytoplasmic  domain  and  the  extracellular 
or  the  transmembrane  domain  may  not  be  necessary  for  its  internalization.  To  further  confirm  that  the 
extracellular  domain  is  not  involved  in  the  internalization  of  PSMA  we  deleted  most  of  the  extracellular 
domain  and  generated  a  plasmid  constmct  which  primarily  contain  the  cytoplasmic  tail  and  the 
transmembrane  domains  fused  to  a  V5-epitope.  Internalization  of  this  constmct  can  be  monitored  by  its 
ability  to  internalize  an  antibody  against  V5-epitope.  Experiments  are  in  progress  to  test  whether  cells 
expressing  this  constmct  will  internalize.  These  experiments  will  conclusively  prove  that  the 
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cytoplasmic  tail  di-leucine  motif  of  PSMA  is  involved  in  the  internalization  of  antibodies  against 
PSMA. 

During  the  course  of  these  studies  we  consistently  noticed  that  internalized  PSMA  antibodies 
were  localized  to  lysosomes  in  LNCaP  cells  or  in  COS  cells.  A  cytoplasmic  di-leucine  motif  has  been 
shown  to  be  involved  in  the  lysosomal  targeting  of  several  membrane  proteins  (Dittrich  et  al.,  1996; 
Letoumeur  and  Klausner,  1992).  Therefore,  we  tested  whether  the  di-leucine  motif  of  PSMA  also 
functions  as  a  lysosomal  targeting  signal.  For  this  purpose,  COS  cells  transfected  with  wild  type  PSMA, 
and  PSMA  with  a  mutated  di-leucine  signal  to  di-alanine  (PSMA-L4A/L5 A),  were  incubated  with  mAb 
J591.  Cells  were  then  immunofluorescently  double  labeled  for  PSMA  and  a  lysosomal  marker  LAMP-1 
and  visualized  by  confocal  microscopy.  Cells  expressing  PSMAwt  showed  co-localization  with  LAMP-1 
containing  lysosomal  vesicles.  In  contrast,  cells  expressing  the  PSMA-L4A/L5A  construct  showed 
PSMA  staining  predominantly  on  the  plasma  membrane  and  no  lysosomal  staining  was  detected.  From 
these  results  we  conclude  that  the  di-leucine  motif  of  PSMA  functions  not  only  as  internalization  signal 
but  also  mediates  its  transport  to  lysosomes.  Currently,  we  are  testing  whether  Tac-LLDWM  is  targeted 
to  the  lysosomes.  We  are  also  testing  whether  mutation  of  the  di-leucine  motif  to  di-alanine  (Tac- 
AADWM)  will  prevent  its  targeting  to  lysosomes.  Collectively,  these  studies  will  establish  that  the  di¬ 
leucine  signal  in  the  cytoplasmic  tail  of  PSMA  is  sufficient  for  its  internalization  and  lysosomal 
targeting. 

Key  Research  Accomplishments: 

•  Identified  an  internalization  signal  in  the  cytoplasmic  tail  of  PSMA. 

•  Identified  and  characterized  the  di-leucine  motif  in  the  cytoplasmic  tail  as  PSMA 

internalization  signal. 

•  Characterized  that  the  di-leucine  motif  alone  is  sufficient  for  PSMA  internalization. 

•  Identified  that  the  di-leucine  motif  of  PSMA  is  also  a  lysosomal  targeting  signal. 


Reportable  outcomes:  Two  manuscripts  are  in  preparation: 

1.  Oshima  E.,  Kim  G.,  Rajasekaran  S.,  Ru  N.,  Liu  H.,  Heston  W.,  Bander  N., 

Rajasekaran,  A.K.  A  cytoplasmic  tail  di-leucine  motif  mediates  the  internalization  and 
lysosomal  targeting  of  prostate  specific  membrane  antigen. 

2.  Krishnamachary  B.,  Rajasekaran  S.,  Liu  H  and  Rajasekaran  A.K.  Differential 
requirements  of  cytoskeletal  elements  for  the  internalization  of  prostate  specific 
membrane  antigen  in  LNCaP  cells  and  MDCK  cells. 

Conclusions:  We  have  identified  that  a  di-leucine  motif  in  the  cytoplasmic  tail  of  PSMA 
functions  as  an  internalization  and  lysosomal  targeting  signal.  Identification  of  the  di-leucine 
signal  of  PSMA  as  a  lysosomal  targeting  signal  has  important  implications  for  the 
immunotherapy  of  prostate  cancer.  Lysosomal  targeting  of  PSMA  indicates  that  the  internalized 
PSMA  antibodies  will  be  targeted  to  the  lysosomes  and  eventually  be  degraded.  This  might 
reduce  the  half-life  of  anti-PSMA  antibodies  used  for  the  immunotherapy  of  prostate  cancer. 
Therefore,  these  findings  suggest  that  drugs  that  inhibit  lysosomal  targeting  may  improve  the 
efficacy  of  anti-PSMA  antibodies  for  treatment  of  prostate  cancer. 
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